Introduction
Epilepsy surgery in the speech dominant left temporal lobe often leads to word finding difficulties and deficits in visual confrontation naming ability. Substantial postoperative declines in naming performance have been determined few weeks, 1,2 6 months 3-6 and 1 year 7 after the operation and thus persist over relatively long time periods. To minimize the risk of postoperative naming deficits, it is crucial to find reliable predictors that allow an individual prognosis of negative performance changes. Empirically confirmed predictors can help to optimize the surgery according to the individual patient profile.
Variable effects of left temporal lobe surgery on naming performance are not related to particular conditions, but are rather based on an interplay of lesional, functional and age-specific factors. Stable outcomes have been reported in patients with an early incidence of epilepsy risk factors (e.g., febrile seizures, traumatic brain injury) 5 years, 1 an early onset of epilepsy <12 years 6 and a histologically confirmed hippocampus sclerosis. 4 Specific risks for postoperative naming decline can be identified in patients with later seizure onset, 3, 5, 8 verbal intelligence 9 and functional integrity of speech-related brain structures. 10 Negative effects for speech and memory functions have been also recognized in patients with higher age at operation. 7, 11 Generally, in patients with left hemisphere damage, recovery of function is related to an agedependent effectiveness of cerebral plasticity mechanisms. 12 Although a diversity of reorganization patterns can be found, tendencies to specific patterns have been reported. In particular, an interhemispheric reorganization with complete or partial shift of speech functions to the right hemisphere is often triggered by very early acquired [13] [14] [15] and also extensive lobal, multilobal [16] [17] [18] or periventricular 19 lesions. Damage acquired later in life 12 or focal lesions restricted to the left temporal lobe 20, 21 seem to utilize the compensatory potential of ipsilateral regions, resulting in an atypical intrahemispheric speech representation. 22 Often, temporal speech areas are localized in close proximity to the lesion or overlap completely. 23 Additionally, it is assumed that epileptic activity with temporal lobe origin can also enhance the formation of atypical speech representations. 24, 25 In many TLE patients with atypical speech representations functional restitution is not optimal. Due to widely localized tissue anomalies, ipsilateral and contralateral to the epileptic focus, 26 residual deficits are likely. Furthermore, there is strong evidence that early onset left TLE is associated with a less structured temporal speech representation. This atypical intrahemispheric organization is characterized by an increased incidence of speech-related anterior temporal regions within a distance of 4.5 cm from the temporal pole. 9, 20, 21 In patients with later seizure onset, a considerably more discrete organization pattern has been detected with increasing concentration of speech-related areas in the posterior portion of the temporal lobe. 9, 27 Relating these results to epilepsy surgery, it is obvious that a reliable prognosis of postoperative naming performance highly depends on knowledge of the indicators for atypical speech representations. Particularly, attention should be paid if an overlap of the intended resection volume and the individual speech functional architecture is likely. The consideration of factors influencing speech organization may optimize the risk-benefit estimation for postoperative language outcome. For these reasons, in the present study, the hypothesis was tested that the weighted combination of specific demographical and clinical variables provides significant contribution to the prognosis of postoperative naming ability.
Material and methods

Participants
Forty-five patients with pharmaco-resistant focal left TLE were tested before and after epilepsy surgery. Corresponding to the objectives of this study, the following inclusion criteria were applied: (a) preoperative and postoperative examination of naming performance, (b) complete speech dominance of the left hemisphere without right hemisphere participation and (c) first-time execution of brain surgery. To evaluate the prognostic value of preoperative naming performance for later risk of naming decline, 40 healthy control subjects were included.
Method and procedures
Determination of speech dominance resulted preoperatively from intracarotid amobarbital testing with alternating selective anaesthetisation of the left or right hemisphere and speech and memory testing of the isolated, awake hemisphere, respectively. Speech-relevant tasks included automatic speech (counting, recall of personal information), naming of pictures and real objects, word reading and comprehension. Complete left-sided speech dominance was ascertained if initial speech arrest and global aphasia with typical dysphasic recovery pattern were observed during left hemisphere anaesthetisation. For visual object naming ability, the BNT 28 was administered. The task consisted of visual confrontation naming of 60 line drawings with increasing difficulty. A naming failure was labelled if patient response deviated from the target name either semantically or phonologically. Overall test performance resulted in a sum score of all incorrectly named objects.
Patients were tested preoperatively during evaluation for surgical treatment of epilepsy and postoperatively 6 months after the operation. As a general surgical approach, tailored resections were performed. Thus, depending on clinical and neuropsychological characteristics (e.g., hemispheric speech dominance, reserve capacity of the contralateral hemisphere, pathology) for every patient a specific resection volume was defined. Surgery was carried out with varying resection of the anterolateral temporal lobe and additional removal or sparing of the hippocampus. The individual resection volumes were determined according to the operation protocol. As potential predictors for the prognosis of postoperative naming ability, (1) age at first risk (years), (2) age at onset of epilepsy (years), (3) age at operation (years), (4) preoperative naming performance (number of naming failures), (5) maximum extent of neocortical temporal resection (mm) and (6) presence of hippocampal sclerosis (according to histological examination) were included.
Data analysis
For multivariate data analysis, a discriminant model was applied. Therefore, the patient sample was treated as a learning probe and dichotomized in a group with postoperative naming decline ( positive classification) and a group with postoperative stable naming performance (negative classification). Following Davies et al., 4 a deterioration of preoperative test performance of at least five naming failures was used as the criterion for clinical meaningful change. Although in the literature several other indices for a significant change are proposed, this relatively high test-retest discrepancy was used to control performance fluctuation (e.g., memory effects, regression to the mean). In the discriminant model, only significant predictors (error probability < 0.05) were included. Based on the calculated function scores, likelihood ratios (sensitivity/(1 À specificity)) were computed to specify a cut-off score for optimal group differentiation. The approach of this analysis was to show that with strong influence of the predictors on postoperative naming ability, there is a high correlation between the individual function score and the patient classification (negative versus positive).
Results
Univariate data analysis
Demographic and clinical data of the patient groups and normal control subjects are presented in Table 1 . One-way analysis of variance regarding preoperative naming performance in the BNTrevealed a significant group effect (F 2,82 = 44.86, p < 0.01). Post hoc Scheffé tests showed significant differences between the control group and both the patient group with positive ( p = 0.02) and negative ( p < 0.01) classification. Additionally, preoperative naming performance of patients with negative classification (mean AE S.D. 17.6 AE 8.1) was significantly more impaired ( p < 0.01) compared to patients with positive classification (mean AE S.D. 10.1 AE 4.5). Analysis of the individual test scores showed a clear discrepancy between the patient groups. Whereas seven (54%) patients with positive classification deviated with <5 naming failures from the mean value of the control group, the same could be noted for only five (16%) patients with negative classification. Therefore, before the operation, naming function of patients with postoperative decline was relatively comparable to the control group.
In the patient sample, postoperative decline with !5 naming failures in the BNT was recognized in 13 patients. Postoperative naming performance was stable in 32 patients. For the included predictors, independent samples t-tests revealed significant differences for age at first risk (t 43 = À3.34, p < 0.01), onset of epilepsy (t 43 = À5.10, p < 0.01), age at operation (t 43 = À3.68, p < 0.01) and preoperative naming performance. As a group, patients with postoperative decline showed on average later seizure onset (mean 26.3), later age at first risk (mean 18.4), older age at operation (mean 44.2) and better preoperative naming performance. No statistical difference was found for the extent of neocortical temporal resection. The rate of patients with hippocampal sclerosis was comparable in both groups (positive classification 54%; negative classification 47%). Fig. 1 illustrates the combined effect of the predictors onset of epilepsy and age at first risk 564 M. Schwarz et al. Parameter estimation and quality of adjustment of the discriminant model Discriminant analysis was performed to simultaneously evaluate the included predictors. The approach of this analysis is to determine a weighted linear combination of specific predictors. Based on the univariate data analysis, selectively, the significant predictors (onset of epilepsy, age at first risk, age at operation and preoperative naming performance) were included in the discriminant model. A satisfactory model adjustment could be established with a significant difference between the averaged group function scores (Wilks-l = 0.47, x 2 = 30.6, p < 0.01).
Descriptive analysis of the individual discriminant function scores revealed means of 1.6 (range À0.3 to 3.9) for patients with positive classification and À0.6 (range À3.0 to 1.6) for patients with negative classification. Therefore, negative function scores point towards the tendency for stable postoperative naming performance, whereas positive function scores indicate postoperative decline. Table 2 lists the estimated coefficients for the predictors included in the discriminant model. It is apparent that a particularly strong influence comes from the predictors onset of epilepsy and preoperative naming performance.
To determine an optimal cut-off score for group differentiation, likelihood ratios were computed. With a likelihood ratio of 9.8, the highest discriminatory effect resulted for the function score 0.57. Applying this function score to discriminate the patient sample, 12 (92%) patients with positive classification and 29 (90%) patients with negative classification could be correctly identified. The overall identification rate was 91%. Based on this analysis, it can be concluded that for any patient matching the inclusion criteria of this study, a function score !0.57 leads to the assumption that it is nearly 10 times more likely for this patient to suffer postoperative naming decline.
Discussion
Visual object naming tests are a standard part of neuropsychological test protocols for surgical epilepsy treatment to provide essential information with respect to the lateralization and localization of the epileptic focus. Naming deficits are frequently seen in patients with left TLE and are relatively rare in patients with right TLE. [29] [30] [31] This is in accordance with studies that speculate a discriminating, selecting function mode for left hemisphere speech processing. 32, 33 Possibly, this corresponds to a mechanism that serves the purpose of precise meaning and word finding. Contrary to conversational discourse with alternatives for nonavailable words, naming tests require the selective choice of an object name from a number of thematically similar names. With left temporal lobe damage, naming deficits are probably based on a disturbance of this discriminating processing style.
Differential analysis of the results demonstrates that patients with left TLE exemplify no homogenous group. Both the onset of epilepsy and typical Postoperative object naming in left temporal lobe epilepsy 565 risk factors play an important role for preoperative naming ability. Although group comparisons revealed significant differences, 54% of the patients with later seizure onset without early risk factors showed only minimal discrepancies compared to the control group. These results support the hypothesis that early structural and functional disturbances represent an essential condition for restrictions in specific speech functions. Studies in children with congenital, peri-or postnatal acquired left hemisphere lesions have found markedly decreased expressive speech functions 34, 35 that are also measurable in later childhood. 36 Exactly, this relationship is reflected in the results of this study. In 86% of the patients with preoperative naming difficulties without postoperative decline, either the early onset of recurrent seizures or the existence of early epilepsy risk factors was noted. Therefore, despite plausible mechanisms of cerebral plasticity, it seems reasonable that early damage to the left temporal lobe can contribute to permanent naming deficits.
In this study, 29% of the patients demonstrated deterioration !5 naming failures. Due to the utilization of different criteria for clinical meaningful change, a general consensus with respect to the risk of naming decline is hard to achieve. Previous studies with the BNT recognize declines in 30% (>1 standard deviation), 7 39% (!5 naming failures) 4 and 60% (!1 naming failures) 5 of the operated patients. Bell et al. 6 noted postoperative increment !5 naming failures in 59% of the patients with later seizure onset (mean 23.9 years). Stafiniak et al. 1 registered an increment of postoperative test score !25% in 60% of the patients with later age at first risk (mean 14.4 years). Aside from pure clinical data, negative changes in cognitive functioning also have significant importance for the individual lifestyle. Examinations of patients with aphasia reveal that persisting language impairments have a substantial negative impact not only on daily communication processes, but also on the professional and economical perspective. 37 That is why in surgical epilepsy therapy, besides the primary goal of seizure freedom, the consideration of probable risk factors for language is inevitable.
Regarding postoperative functioning, there are hypotheses that view individual performance differences as side effects of modified intrahemispheric speech representations. 6, 9 In this attempt, it is of central importance that speech networks resulting from an undisturbed and disturbed (e.g., lesion, chronic seizures) development show qualitative differences both with regard to structural organization and localization. Several studies report a close association between early onset left TLE and the incidence of atypical speech representations. 9, 20, 21 Specifically, this reorganization corresponds to a widespread distribution of language cortex and stronger functional recruitment of the anterior temporal lobe. 9, 21 The finding that later resection of these anterior temporal areas causes no significant change becomes understandable by adopting a developmental perspective. It is likely that the occurrence of early functional disturbances has the potential to interrupt normal development and to promote a more diffuse speech organization. Consequently, this results in imperfect language skills which is also due to the weaker functional potential of particular areas in smaller surgery effects. For patients with later seizure onset and comparatively normal speech development, there is a more discretely organized language cortex in the middle-to-posterior portion of the temporal lobe. Consequently, this results not only in intact language skills, but also in negative effects with increasing extent of neocortical resection.
Support for this concept comes from the results of the present study. By means of a discriminant model, it was shown that variables referring to cerebral plasticity processes (onset of epilepsy, age at first risk, age at operation) permitted good identification of patients at risk. With diagnostic sensitivity of 92% and specificity of 90%, a sufficient classification rate could be achieved. Evaluation of the included predictors revealed a notable impact of the onset of epilepsy. In patients with postoperative decline, onset of recurrent seizures occurred relatively late at 26.3 years on average. Furthermore, in this group, only three patients had risk factors in early childhood. Patients with postoperative decline showed significantly higher scores before the operation than patients with postoperative stable performance. Taking into account that patients with postoperative decline were operated relatively late, at 44.2 years on average, the main features of a constellation with exceptionally high risk of naming decline can be identified. Including all predictors mentioned above, decline in naming performance should be expected if, in addition to later onset of epilepsy (without preceding risk factors) and good preoperative naming ability, the operation takes place in later adulthood.
Based on the results of this study, it seems to be of crucial importance that identical resection volumes can have varying consequences for postoperative naming ability. Triggered by the absence of protective factors that are supposed to be related to a diffuse intrahemispheric speech organization, naming decline has been observed in patients with neocortical resections of 46.1 mm on average. This value clearly indicates functionally related regions also in the anterior portion of the temporal lobe. Evidence for important anterior temporal speech functions comes from studies with cortical stimulation mapping. Functional participation has been localized for auditory naming processes at a distance of 2 cm 38 and for visual naming processes at a distance of 1.5 cm 9 from the temporal pole. Corresponding to these results, Hermann et al. 8 demonstrated better preservation of naming in surgical therapy of left TLE with smaller neocortical resections. Therefore, to avoid negative outcome, with knowledge of the underlying pathology and corresponding risk factors, a minimization of the neocortical resection volume should be aspired.
